Abstract The objectives of this study were to assess within-person hypotheses regarding temporal cognitionpain associations: (1) do morning pain flares predict changes in two afternoon adaptive and maladaptive painrelated cognitions, and (2) do these changes in afternoon cognitions predict changes in end-of-day pain reports, which in turn, carry over to predict next morning pain in individuals with fibromyalgia. Two hundred twenty individuals with fibromyalgia completed electronic assessments of pain intensity, pain catastrophizing, and pain coping efficacy three times a day for three weeks. Multilevel structural equation modeling established that afternoon catastrophizing and coping efficacy were parallel mediators linking late morning with end-of-day pain reports (controlling for afternoon pain), in line with prediction. Catastrophizing was a stronger mediator than coping efficacy. Moreover, afternoon cognitions and endof-day pain reports served as sequential mediators of the relation between same-day and next-day morning pain. These findings align with assertions of cognitive-behavioral theories of pain that pain flares predict changes in pain both adaptive and maladaptive cognitions, which in turn, predict further changes in pain.
Introduction
Chronic pain is a prevalent problem associated with significant psychological, social, and physical disability (Becker et al., 1997; McWilliams et al., 2004) . Prevailing models posit that how individuals think about their pain plays a critical role in the pain experience (Turk, 2002) . Indeed, individuals who respond to pain flares with more thoughts that emphasize their capacity to effectively manage pain and fewer thoughts that focus on their negative experience of pain report less pain than their coun-terparts with less adaptive cognitive patterns (Gatchel et al., 2007; Quartana et al., 2009) . The most commonly studied maladaptive pain cognition is catastrophizing, which is characterized by magnification of the threat associated with pain, helplessness in the face of pain, and preoccupation with pain (Quartana et al., 2009 ). In contrast, a commonly studied adaptive pain cognition is the perception that one is able to cope with the pain (pain coping efficacy) (Jackson et al., 2014) . Most research regarding the role of cognitions in chronic pain has employed one-time assessments to examine the pain-cognition link (Arnstein, 2000; Härkäpää, 1991; Härkäpää et al., 1991; Sullivan et al., 2001) . For example, among individuals with chronic pain, pain coping efficacy predicts lower pain intensity (Arnstein, 2000) and catastrophizing predicts higher pain intensity (Flor et al., 1993) . Less empirical attention has been paid to exploring whether adaptive and maladaptive pain cognitions play distinct roles in the dynamics of within-day pain.
Diary methods enable the evaluation of temporallyordered within-person experiences to test whether pain cognitions dampen or enhance the daily pain cycle. The few diary studies of individuals with chronic pain that have examined the links between pain and subsequent pain cognitions, or between pain cognitions and subsequent pain, report patterns similar to those found in cross-sectional work. For example, end-of-day reports of elevations in one day's pain coping efficacy predict lower levels of next-day pain (Keefe et al., 1997) , and morning reports of elevations in pain catastrophizing predict higher pain 6 h later (Holtzman & DeLongis, 2007) . The limited data available also demonstrate that pain elevations predict subsequent elevations in maladaptive pain-related cognitions, e.g., days of higher than usual pain are associated with greater next-day catastrophizing (Sturgeon & Zautra, 2013) . However, no studies have tested whether pain-related cognitions mediate the pain process by examining multiple time points within a day. Focusing on within-day relations allows for elaboration of the links between pain and cognitions without the confounding effects of sleep (Stone et al., 1997) .
The majority of diary studies have focused on maladaptive cognitions, especially catastrophizing (e.g., Sturgeon & Zautra, 2013 ). Yet there is reason to predict that adaptive and maladaptive pain cognitions represent inversely-related but separable constructs and may operate as distinct mediators in the pain process. One within-day analysis, for example, found that among individuals with chronic back pain, both morning pain control and catastrophizing significantly predicted end-of-day pain reports, controlling for morning pain (Grant et al., 2002) . No within-person studies to our knowledge have determined whether adaptive and maladaptive pain cognitions represent distinct mediators in the pain process throughout a day, information that can point to one means of promoting treatment efficiency.
We examined whether adaptive and maladaptive painrelated cognitions assessed in the afternoon served as parallel mediators linking daily late-morning pain with end-of-day pain reports (see Fig. 1 ), among individuals with fibromyalgia (FM), a condition characterized by widespread pain, fatigue, and nonrestorative sleep (Mease, 2005) . Because they have been established as predictors of within-person changes in pain, we included pain coping efficacy as an adaptive cognition associated with decreases in pain (Keefe et al., 1997) and catastrophizing as a maladaptive cognition associated with increases in pain (Holtzman & DeLongis, 2007) . On days of high morning pain, individuals were expected to report higher than their usual levels of catastrophizing and lower levels of pain coping efficacy in the afternoon, which in turn, were expected to predict higher than their usual pain at the end of the day. We also evaluated the relative strength of catastrophizing and pain coping efficacy in the daily pain Fig. 1 Model depicting the hypothesized relations among latemorning pain, afternoon pain cognitions, and the end-of-day pain report. The path coefficients (a1, a2, b1, b2, c¢) estimate the strength of the predicted associations among variables. The curved arrow represents covariation between the afternoon catastrophizing and pain coping efficacy process. In addition, we examined whether the impact of cognitions on end-of-day pain reports would extend to the next morning. We assessed these carry-over effects using a model that tested whether afternoon cognitions and end-ofday pain reports served as sequential mediators of the relation between late-morning pain on one day to nextmorning pain (see Fig. 2 ).
Method Participants
Participants were recruited in the Phoenix metropolitan area from print and online advertisements, physician referrals, and FM support groups to participate in a randomized controlled trial evaluating ''mind-body'' treatments for FM. Data for this study were drawn from the preintervention assessment of participants in the trial, prior to randomization. To be eligible for participation, individuals had to: (1) be aged 18-72, (2) be English-speaking; (3) meet the American College of Rheumatology diagnostic criteria for FM (Wolfe et al., 1990) ; and (4) agree to be randomized into a treatment condition. Individuals were excluded from participation if they reported: (1) a physician-diagnosed autoimmune disorder, (2) physician-diagnosed neuropathic pain, (3) involvement in pain-related litigation, (4) major surgery scheduled within the study window of 4-5 months, (5) current participation in another research study or clinical trial for pain or depression, (6) current engagement in psychosocial treatment for pain or depression; or (7) comorbid medical or psychological conditions that would seriously limit their involvement in the study procedures (e.g., psychotic disorder, severe cognitive impairment). Two hundred and seventy two individuals were enrolled into the study, of whom, 52 withdrew or were unable to be scheduled for study visits prior to diary data collection. Thus, 220 participants provided diary data. Independent samples t tests and Chi Squared tests of independence comparing those who withdrew from those who did not revealed that individuals who withdrew were more likely to be unemployed that those who remained in the study (v 2 = 6.15, p = .01). There were no other significant differences between those who did and did not withdraw on age, gender, ethnicity, education, income, or initial pain rating (ps [ .25).
Procedure
All procedures were approved by the Institutional Review Board at Arizona State University. Interested individuals were first screened for eligibility by telephone, and then were consented and underwent a tender point exam conducted during a home visit by a research nurse. The description of the intervention in the consent process included no specific details regarding treatment. Rather, participants were informed that they would be randomly assigned to one of three types of groups, each of which addressed different aspects of the problems people with FM experience. The tender point exam (Okifuji et al., 1997) determined whether the participants met diagnostic criteria for FM (i.e., pain on at least 11 of 18 tender points) and were therefore eligible for the study.
As part of the pre-intervention assessment, participants completed electronic daily diaries that included assessment of their daily physical and psychological experiences. Participants were provided with a mobile phone and trained by a research assistant to use the phone to complete electronic diaries. Participants were prompted to complete the diary reports four times per day for up to 21 days via an automated phone system that called the participant: (1) each morning 30 min following his/her specified wake-up time for the morning interview, which assessed sleep quality only; (2) at 11:00 a.m. for the late morning inter- If the participant missed the call, he/she could call the system within 2.5 h to complete the assessment. The average time interval between afternoon and end-of-day calls across 3374 observations was 3 h, 24 min (SD = 1 h, 5 min), indicating that there was a meaningful temporal lag between these assessments. Participants' completion of diary calls was monitored by research team members, and individuals were contacted if they failed to complete assessments across two consecutive days to remedy any potential issues. Participants were encouraged to call laboratory staff immediately if a problem occurred with the phone system. Participants were compensated $2/day for each of the 21 days they completed, with a bonus of $1/day for rates of completion [50%. Data were drawn from the late morning, afternoon, and end-of-day reports for the current study. In addition to pain and cognition variables reported in the current study, participants were also asked in their diary calls about fatigue, physical functioning, positive and negative affect, positive and negative daily events, depression symptoms, and interpersonal interactions.
Measures

Pain
Pain intensity was measured on a widely-used 101-point numerical rating scale (Jensen et al., 1986) in the late morning and end-of-day reports, permitting evaluation of within-day changes in pain. Participants rated their level of pain (i.e., ''What was your overall level of pain?'') on a 101-point scale (0 = ''no pain''; 100 = ''pain as bad as it can be''). The 1-item scale has been shown to be equal or superior to other rating scales assessing pain in terms of validity and reliability (Jensen et al., 1986 ). Participants rated their overall level of pain in the past two to 3 h for the late morning assessment and for the entire day at the endof-day report. Because the end-of-day assessment references the entire day, end-of-day pain report is meant to signal an approximation of end-of-day pain.
Pain cognitions
Participants were instructed to report the degree to which they experienced specific cognitions in the past two to 3 h on a five-point scale that ranged from 1 (not at all) to 5 (completely). Catastrophizing was assessed with the item ''You felt your pain was so bad you couldn't stand it anymore,'' from the Pain Catastrophizing Scale (Sullivan et al., 1995) . Pain coping efficacy was assessed with the item ''You coped effectively with your pain,'' which was developed based on two items from the Coping Strategies Questionnaire (Affleck et al., 1992; Keefe et al., 1997; Rosenstiel & Keefe, 1983; Stone & Neale, 1984) . The original two items tapped the extent to which individuals felt they could control their pain or decrease their pain based on their coping efforts.
Covariates
Afternoon pain and fatigue were assessed as potential covariates. Both were measured in the afternoon assessment of the diaries. Participants rated their level of fatigue (pain) for the past two to 3 h (i.e., ''What was your overall level of fatigue (pain)?'') on a 101-point scale (0 = ''no fatigue (pain)''; 100 = ''fatigue (pain) as bad as it can be'') (Jensen et al., 1986) .
Missing data
During the 21-day assessment period, participants completed an average of 17.90 days (SD = 4.42) of latemorning pain ratings; 16.93 days (SD = 4.93) of afternoon pain, catastrophizing, and pain coping efficacy ratings; and 17.23 days (SD = 4.82) of end-of-day pain ratings. Overall, participants completed 11,469 out of a total of 13,860 possible observations (83% completion rate).
To assess the model assumption that data were missing at random, we conducted independent samples t tests to determine whether afternoon diary values of potentially influential variables (i.e., pain, fatigue) predicted a missing versus non-missing value for the end-of-day pain report. Higher afternoon pain was related to greater rates of missingness at the end-of-day time point [t (3732) = 2.45, p = .01], whereas fatigue was not [t (3732) = 1.54, p = .12]. Thus, afternoon pain was included in the model as a covariate to account for this effect.
Data analytic strategy
The study data had a two-level hierarchical structure: the first level was diary day (within-person), which was nested within the second level, individuals (between-person). Thus, a multilevel data analytic strategy, multilevel structural equation modeling (MSEM; Jensen et al., 1986; Preacher et al., 2010) , was employed to test study hypotheses. Full information maximum likelihood (FIML) estimator was used to estimate direct and mediated models. This estimation routine separates the total variance into two orthogonal components: within-person and between-person. These two components are modeled simultaneously to produce unbiased parameter estimates and standard errors. FIML via an accelerated equation modeling algorithm procedure used in Mplus version 7 (Muthén & Muthén, 1999 -2012 ) is robust to missing data, non-normality, and unbalanced cluster sizes in data (Muthén & Asparouhov, 2008; Preacher et al., 2010) . Although Mplus models both within-and between-person effects, the focus of the current paper is on the within-person relations; thus, only the within-person results are reported.
MSEM was employed to estimate the hypothesized models using Mplus version 7 (Muthén & Muthén, 1999 -2012 . First, a parallel mediation model was estimated in a multilevel framework to test: (1) the relations between late morning pain and both afternoon catastrophizing and pain coping efficacy (paths a 1 and a 2 , respectively, in Fig. 1) ; and (2) the relations between afternoon catastrophizing and pain coping efficacy and the end-of-day pain report (paths b 1 and b 2 , respectively, in Fig. 1 ). Afternoon pain was included as a covariate of end-of-day pain report, and was modeled to covary with the purported mediators, i.e., catastrophizing and coping efficacy. The models were tested according to the recommendations provided by Preacher and colleagues (2010) . Consistent with the MSEM approach, all paths were specified to have random intercepts and fixed slopes with one exception; the relation between ratings of late morning pain and the end-of-day pain report was specified to have a random intercept and random slope. The mediating (indirect) effects of each cognition were calculated by taking the product of the coefficients of the a and b paths (Krull & MacKinnon, 2001) . The distributions of the ab paths are asymmetrical and vary according to the correlations between the a and b paths; therefore, asymmetric confidence limits for the indirect effects of each mediator were computed using RMediation (Tofighi & MacKinnon, 2011) , which accounts for the correlations between the a and b paths (Kenny et al., 2003) .
Finally, analyses tested the extent to which same-day afternoon pain-related cognitions carried over to predict next-morning pain via the end-of-day pain report. An additional path (d; see Fig. 2 ), from end-of-day pain report to next morning pain was added to the original model. Thus, two pathways with two sequential mediators of the relation between same-day and next-day morning pain were proposed: (1) afternoon catastrophizing and end-ofday pain report, and (2) afternoon pain coping efficacy and end-of-day pain report. The cognitive sequential mediational chains for catastrophizing and pain coping efficacy were tested in the same model. Indirect effects were estimated using Mplus by taking the product of the coefficients of the a, b, and d paths.
Results
Demographics, intraclass correlations, and intercorrelations
Sample demographics are displayed in Table 1 . The means, standard deviations, intraclass correlations, and intercorrelations at the within-person level of the diary variables are depicted in Table 2 . Intraclass correlations for diary variables ranged from r = .42 to .54, indicating that All correlations are significant at p \ .01 both between-person and within-person differences accounted for substantial variance in diary measures. Intercorrelations among diary measures yielded expected patterns. Late-morning pain was positively correlated with levels of catastrophizing and inversely correlated with levels of pain coping efficacy in the afternoon. Additionally, afternoon catastrophizing was positively correlated with the end-of-day pain report and afternoon pain coping efficacy was inversely correlated with the end-of-day pain report.
Test of within-day mediation model
The next analysis employed a multilevel structural twomediator model to estimate: (1) the relations between late-morning pain and both catastrophizing and pain coping efficacy (paths a 1 and a 2 in Fig. 1); (2) the relations between catastrophizing and pain coping efficacy and the end-of-day pain report (paths b 1 and b 2 in Fig. 1) ; and (3) the roles of the afternoon catastrophizing and pain coping efficacy as statistical mediators of the relation between late-morning pain and the end-of-day pain report. The results are presented in Fig. 3 . Consistent with prediction, at the within-person level, higher than usual latemorning pain predicted greater than usual catastrophizing (a 1 path) and less than usual pain coping efficacy (a 2 path) in the afternoon. Moreover, increased afternoon catastrophizing predicted a higher end-of-day pain report (b 1 path), and increased afternoon pain coping efficacy predicted a lower end-of-day pain report (b 2 path). Test of sequential mediation model: same-day to next-day morning pain
Next-day analyses are presented in Fig 
Discussion
Cognitive-behavioral theories of pain assert that: (1) pain can elicit changes in an individual's thinking about pain in the form of more maladaptive and less adaptive appraisals of the pain and the individual's capacity to cope with it (Cohen et al., 1995; Cohen & Wills, 1985; Thorn & Dixon, 2007; Turk, 2002) , and (2) maladaptive thinking about pain can lead to subsequent increases in pain (Turk, 2002 ). The current study tested these assertions by examining withinday links between late-morning pain, afternoon pain-related cognitions, and end-of-day pain as well as nextmorning pain, in individuals with FM. The findings were consistent with predictions. When individuals' reacted to morning pain flares with more than usual afternoon catastrophizing and less than usual pain coping efficacy, their ratings of end-of-day pain were elevated. Of note, catastrophizing was a stronger mediator of the within-day relation between morning and end-of-day pain report than was pain coping efficacy. Moreover, pain cognitions served as mediators in the chain linking same-day with next-day morning pain. The current findings among individuals with FM align with the well-documented cross-sectional links between pain and pain-related cognitions among individuals with chronic pain (e.g., Arnstein, 2000; Härkäpää, 1991; Här-käpää et al., 1991; Sullivan et al., 2001) . They also add to the growing literature that draws on diary-based methods to focus on the interplay between pain and cognitions within each individual's experience. Other within-person studies of individuals with chronic pain have observed that morning pain flares predict increased end-of-day maladaptive thinking (e.g., Holtzman & Delongis, 2007) , and that daily reports of increases in maladaptive thoughts (e.g., catastrophizing) and decreases in adaptive thoughts (e.g., pain self-efficacy) predict greater pain both concurrently and subsequently (Grant et al., 2002; Holtzman & DeLongis, 2007; Keefe et al., 1997; Sturgeon & Zautra, 2013) . Because ideas about the causal nature of links between pain and cognitions are central to the theory underlying cognitive-behavioral approaches to understanding the pain process and treating chronic pain, many may assume that this pathway of mediation been demonstrated previously. However, the current findings are the first to show a temporally-ordered mediating role for pain cognitions in the link between morning and end-of-day pain, and carryover effects to next-day pain. Although these effects were modest in magnitude, accounting for even small influences on daily pain exacerbations could be quite meaningful when accrued over a lifetime of managing chronic pain.
Additionally, these results complement limited crosssectional (Evers et al., 2001 ) and within-person (Grant et al., 2002) evidence suggesting that adaptive and maladaptive cognitions play distinct roles in the pain process. Our study is the first to demonstrate these independent roles in the within-day daily pain cycle. Catastrophizing and pain coping efficacy were related at the within-person level (r = -.19), indicating that they share about 3.6% of their variance and suggesting that they are largely distinct; they are not simply two ends of the same continuum. Put differently, even when individuals tend to react with intense negative thoughts in reaction to pain, they may be able to concurrently sustain their level of positive thoughts. Future efforts should focus on replication as single item measures of catastrophizing and pain coping efficacy used here to reduce participant burden may not fully express the multidimensional nature of these constructs.
The more robust mediating role of catastrophizing relative to pain coping efficacy on the within-day pain process may have relevance for targeting clinical efforts. If daily pain intensity is the primary intervention target, our results suggest that focusing psychotherapy on restructuring and reducing maladaptive pain cognitions including catastrophizing may be the most effective strategy to interrupt the daily pain process, especially if the intervention is timelimited. Nevertheless, the weaker yet still significant role of adaptive cognitions represents a viable target for treatment and should not be overlooked. Work in individuals with pain due to chronic illness suggests that in addition to affecting pain outcomes, adaptive cognitions independently predict a number of beneficial changes in psychological health (e.g., positive mood, optimism, and active coping) compared to maladaptive cognitions, and thus could contribute to better adjustment to pain and overall quality of life (Evers et al., 2001) . Future randomized controlled trials evaluating CBT for pain should examine these questions utilizing diary data to measure both within-and betweenperson changes in cognitive mechanisms of change (e.g., Davis et al., 2015) .
This study has some important limitations that constrain interpretation of the findings. First, because the data are correlational, no conclusions can be made about causal links between pain and cognitions. Second, the study sample was comprised of treatment-seeking individuals with FM who were predominantly female, Caucasian, and middle-aged; thus, findings cannot be generalized to individuals with other chronic pain conditions, or to those who are male, not seeking treatment, or more ethnically diverse. Third, all assessments were based on self-reports. Using objective measures, such as assessment of physiological indices would permit a more comprehensive evaluation of the links between daily pain and cognitions. Fourth, the end-of-day pain report was measured at 7:00 PM, which enabled diary data collection near a common time before all participants retired for the night. However, many participants likely stayed awake after this phone call, leaving nighttime pain unmeasured. Additionally, end-of-day pain was assessed by asking participants to rate their overall level of pain for the entire day, rather than only for the evening hours. Hence, in the within-day analyses, the timeframe of the end-of-day pain report had temporal overlap with the morning pain assessment. We addressed this potential bias in two ways. First, we employed a covariate approach, both by modeling a direct path from morning to end-of-day pain, and by controlling for the path between afternoon pain and end-of-day pain. Thus, we statistically adjusted for the variance in end-of-day pain reports that were accounted for by morning and afternoon pain in within-day analyses. Second, we demonstrated the carry-over effect of pain-related catastrophizing to nextmorning pain, assessments with no temporal overlap. Nonetheless, an ideal approach would include assessment of an identical time frame across all assessments. Finally, catastrophizing and pain coping efficacy did not fully account for the link between late morning and the end-ofday pain report. Many additional adaptive and maladaptive pain cognitions are likely involved in the daily pain process. Diary studies have identified other pain cognitions with links to pain, e.g., pain control (Grant et al., 2002) . A number of additional possible mediators of the within-day pain cycle can be drawn from evidence from other withinday analyses of chronic pain. For example, on a daily basis, pain predicts changes in affect (Zautra et al., 2001) , physical activity level (Taylor et al., 2013) , social functioning (Sturgeon & Zautra, 2015) , and behaviors [e.g., relaxation (Keefe et al., 1997) , pursuit of meaningful goals (Affleck et al., 1998) , and praying and hoping (Grant et al., 2002) ], which in turn, may influence subsequent pain. Elaborating the multiple mechanisms that exacerbate or diminish daily pain is essential to the development of the most efficient and effective interventions for FM and other chronic pain conditions. Limitations notwithstanding, this study also had some notable strengths. First, the multiple within-day reports of pain and cognitions over a three-week time period reduced recall error and bias and produced reliable estimates of the within-day covariation between these variables. Second, capturing three consecutive time points within-day and examining carry-over effects to next-day offered the opportunity to examine temporal precedence to elucidate the theorized reciprocal relation between pain and cognitions throughout the course of a day and over days. Third, covarying afternoon pain and its link with end-of-day pain highlights a mediating role for afternoon cognitions in the daily pain process distinct from current pain experience. Fourth, examining both adaptive and maladaptive cognitions in the same model offered a better approximation of real-time multidimensional cognitive responses to a pain flare. Finally, participants also showed good adherence to completing the diary calls, resulting in relatively few missing data.
In conclusion, both adaptive and maladaptive pain cognitions (i.e., catastrophizing and pain coping efficacy) mediate the relation between late morning pain flares and end-of-day pain, and next-morning pain among individuals with FM pain. These findings are in line with cognitivebehavioral treatment models, which target change in pain cognitions as a means of bolstering functional health among pain patients.
